
data-record rate for the geoceivers is 30 seconds, but a special
hardware modification was used in this campaign to allow a
data rate of 10 seconds to be used. The ionospheric information,
known as the "differential Doppler data," provides a measure of
the change in the number of electrons along the line of sight
from the station to the satellite as the satellite passes over the
station in a 1,000-kilometer orbit. The two receivers track the
same satellite simultaneously, but the satellite signals pass
through different regions of the ionosphere.

The horizontal separation of the sampled regions overhead in
the ionosphere at 300 kilometers altitude (the height at which
most of the ionospheric irregularities occur) is 35 kilometers for
the maximum station separation of 50 kilometers. The horizon-
tal velocity of the sampled region due to the motion of the
satellite is about 3 kilometers per second so that in the 10-second
sampling period the horizontal extent of the ionosphere
sampled is 30 kilometers. Since the horizontal extent of the
sampled region is nearly the same size as the horizontal separa-
tion of the regions, there will be some overlap in the regions
sampled by the two receivers, so that we shall not be able to
unambiguously resolve the irregularities. The bistatic data
should, however, provide some insight into the spatial charac-
teristics of the irregularities in the southern polar region.

The bistatic data which were recorded on paper tape have
been returned to the University of Texas at Austin and convert-
ed to a digital format on magnetic tape. A comparison of the
data recorded from the two receivers is currently underway.

The project personnel also completed another related
ionospheric study that has been ongoing since 1979. The first-
generation satellite tracking station, Tranet I, which has been in
continuous use at McMurdo Station since 1969, was decommis-
sioned in August 1984 to make room for an experimental polar
satellite communications link with South Pole Station. The
Tranet I tracking station was replaced by a second-generation
tracking station, Tranet II, which is a modern microcomputer-
controlled system. In addition, the refraction offset generator, a
set of special-purpose hardware used in conjunction with the
Tranet I equipment since 1979 to record high-resolution
ionospheric electron columnar content change data, was de-
commissioned. Over 3,000 passes of high-resolution differen-
tial Doppler data were collected from 1979 to 1984 with the
refraction offset generator to provide information about the
characteristics of ionospheric irregularities in the polar cap re-
gion around McMurdo Station. These data are also being cur-
rently analyzed at the Applied Research Laboratory of the Uni-
versity of Texas at Austin.

Simultaneous measurements of the
locations of the main ionospheric

trough from Siple and Halley Stations
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The main or midlatitude ionospheric trough is a region of
anomalously low electron density at F-region heights. Digital
radar systems (Grubb 1979) designed to provide measurements
of the angle-of-arrival of ionospheric echoes have been installed
at Halley and Siple Stations (Dudeney et al. 1982; Berkey and
Doupnik 1984). These two stations, separated by 1,500 kilo-
meters, form a unique station pair because of their location in
the geographic and geomagnetic coordinate systems. Siple Sta-
tion was established at the approximate magnetic conjugate of
Roberval, Quebec, in the Northern Hemisphere (Helliwell and
Katsufrakis 1974), fortuitously at essentially the same latitude in
both the geographic and invariant (A = 60.8°) coordinate sys-
tems as the British Antarctic Survey base at Halley. No other

station pair in either hemisphere is comparably situated. Siple Station
(74.94°S 84.25°W) is situated in Ellsworth Land, while Halley
(75.52°S 26.62°W) is located on the Brunt Ice Shelf, on the
eastern flank of the Weddell Sea. Due to the large distance
between the geographic and magnetic poles in Antarctica (Dud-
eney and Piggott 1978), there is a significant difference between
the two stations' geomagnetic and solar times: magnetic local
time difference for the two stations is only 1.5 hours, but the
local solar time difference is nearly 4 hours.

Of a large set of simultaneous measurements at the two sites,
three quiet intervals were selected for detailed study. An analy-
sis technique developed at the British Antarctic Survey (Dud-
eney and Jarvis in press) was used to derive an echo location
from each individual ionogram. This technique corrects for
angle-of-arrival aliasing and obtains an average value for the
echo location. The echo location was then converted into variant
latitude for an altitude of 250 kilometers. The midlatitude
trough has a unique signature in an ionogram (Berkey and
Doupnik 1984), and the radar provides accurate echo-location
information about both the poleward edge and minimum-den-
sity features (Dudeney, Roger, and Jarvis 1983).

The three intervals selected for analysis occurred during the
magnetically quietest periods of the entire 1982 austral winter,
23 May, 4 July, and .15 August 1982. Magnetometer, riometer,
and very-low-frequency data from both stations were examined
and have been found to be representative of quiet conditions.
The very-low-frequency records show persistent multipath
whistlers with no indication of knee whistlers, which would
imply that the plasmapause was located considerably poleward
of L	4.

In figure 1, the location of the trough minimum and poleward
edge have been plotted in universal time (top panel), magnetic
local time (center panel), and local solar time (lower panel) over
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a 15-hour interval 22 to 23 May 1982. These data show that the
location of the trough minimum remained nearly constant in
latitude throughout most of the night near L 4. In contrast,
the poleward edge moved approximately 70 equatorward (from
70°S to 63°S) over the same period. Plotting the same data in
magnetic local time or local solar time, the derived locations of
the poleward edge from the two data sets are less coincident
than they are when organized in universal time.

Measurements from 3 to 4 July and 14 to 15 August were
analyzed in the same manner and the results are summarized in
figure 2. As show in the upper panel of figure 2, the measure-
ments obtained at Siple Station for the location of the trough
minimum and poleward edge are remarkably consistent for
each of the 3 days. The trough minimum was generally equator-
ward of Siple Station and confined in a range between 59.4°S
and 61.8°S invariant latitude. Except in the early evening, the
poleward edge was approximately 2° south of Siple Station and
varied between 62.6°S and 64°S latitude. The results of the
analysis of the Halley data are somewhat less ordered as dis-
played in the bottom panel of figure 2. Both the trough mini-
mum and the poleward edge had a much larger dispersion in
latitude, with the minimum being observed over a range of 6.5°.
The dispersion in the Halley Station data is largely due to the
more equatorward location of the trough on 14 to 15 August
1982.

Modelling studies of the high-latitude ionosphere show that
the mid-latitude trough results from several competing physical
processes (Sojka, Raitt, and Schunk 1981-a, 1981-b; Sojka et al.
1982). Which of these processes is dominant cannot be deter-
mined without experimental observations. Simultaneous ob-
servations at several longitudes is ideal but not practical in either
hemisphere. Siple and Halley Stations, located at high geo-
graphic latitude, are without solar ionization for long period's
during mid-winter and are situated in longitude such that the
trough can exist overhead for many hours. Because Halley
Station is located nearly diametrically opposite the invariant
pole, the depth duration of the trough should be somewhat
more pronounced there than at Siple Station.

The results obtained from Siple and Halley Station observa-
tions during three geomagnetically quiet intervals studied thus
far have been summarized in figure 3. The dashed lines repre-
sent the average latitude of the trough minimum and poleward
edge observed from Halley Station; the three solid lines show
the latitudinal variation of these features at the same universal
time (diamond), the same local solar time (circle), and the same
magnetic local time (square) as measured from Siple Station.
Presuming that the poleward edge is in fact ionization associ-
ated with the auroral oval, then the observed equatorward mo-
tion of the region is consistent with the rotation of the station
with respect to the oval. A poleward retreat in the morning
sector is not expected (and not observed) since the auroral
ionization will corotate at approximately the same latitude,
slowly decaying with time. This diagram also includes the loca-
tions of the poleward edge and trough minimum calculated
from the empirical formulas of Halcrow and Nisbet (1977) and

Figure 1. The location as a function of time and invariant latitude of
the minimum and poleward edge of the midlatitude trough derived
from ionograms recorded at Halley Station (open circles and +
signs) and Siple Station (filled circles and x symbols). The top panel
displays the location in universal time, the center panel in magnetic
local time, and the bottom panel in local solar time. These data show
the trough location during an occurrence 22 to 23 May 1982.
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Spiro (1978). These curves have been derived using K = 1 in
the formulation, and it is clear that neither empirical rela-
tionship exactly fits the observations, although the Haicrow and
Nesbit curve has a reasonable agreement before local midnight.
The inclusion of a dependency on universal time or longitude is
clearly necessary if these formulas are to be used for predicting
trough location.
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For quiet times, the results obtained here suggest that the
poleward edge has a universal-time dependence, although it is
not clear that the same dependency holds for the trough mini-
mum. A universal-time dependency of the trough is a predic-
tion of the modelling studies and a universal-time effect in F-
region densities has been found in a number of previous experi-
mental studies (Duncan 1962; de la Beaujardiere et al. 1985).

At Utah State University, this research has been supported by
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British Antarctic Survey. The Siple Station data were recorded
by S.J. Walter, who wintered at Siple Station in 1982, and the
Halley Station observations were carried out by K.H. Wright
and R.J. Halliwefl.
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Figure 3. A dashed curve is used to denote the locations of the

minimum and poleward edge of trough as observed from Halley

Station (HB), while a solid line is used to represent the Siple Station

(si) data. The Siple Station curves are displaced according to the

time coordinate in which they have been plotted. The basic unit of

time is three hours and the time of midnight in universal time (UT),

local solar time (LT), and magnetic local time (MLT) is indicated using a

diamond, a circle, or a square. The empirical formulae given by

Halcrow and Nesbit (1977) and Spiro (1978) for a K of 1 were used to

plot the predicted locations of the poleward edge and trough mini-

mum indicated on the diagram.
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Figure 2. A summary plot showing the location in invariant latitude
of the trough minimum and poleward edge for all 3 days used in the
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data plotted as a function of universal time.
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